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Abstract: Natural disasters have a potential highly traumatic impact on psychological functioning.
This is notably true for children, whose vulnerability depends on their level of cognitive and
emotional development. Before formal schooling, children possess all the basic abilities to represent
the phenomena of the world, including natural disasters. However, scarce attention has been paid to
children’s representation of earthquakes, notwithstanding its relevance for risk awareness and for
the efficacy of prevention programs. We examined children’s representation of earthquakes using
different methodologies. One hundred and twenty-eight second- and fourth-graders completed
a written definition task and an online recognition task, analyzed through the Rasch model. Findings
from both tasks indicated that, in children’s representation, natural elements such as geological
ones were the most salient, followed by man-made elements, and then by person-related elements.
Older children revealed a more complex representation of earthquakes, and this was detected
through the online recognition task. The results are discussed taking into account their theoretical
and applied relevance. Beyond advancing knowledge of the development of the representation of
earthquakes, they also inform on strengths and limitations of different methodologies. Both aspects
are key resources to develop prevention programs for fostering preparedness to natural disasters and
emotional prevention.
Keywords: psychological representation of earthquakes; open-ended and closed-questions surveys;
children; seismic hazard assessment; emotions; emotional prevention
1. Introduction
This study focuses on children’s psychological representation of natural disasters such as
earthquakes. Knowledge of individuals’—and in particular children’s—representation of earthquakes
is highly relevant from both a theoretical and an applied perspective. From a theoretical perspective,
it provides information on how people develop complex representations of risk-related phenomena,
revealing which are the most salient elements when people perceive them; this is also key information
when studying risk awareness, e.g., [1]. From an applied perspective, awareness of children’s
knowledge of earthquakes is a preliminary step for prevention programs, aiming at promoting the
mastery of adequate geological, behavioral, and psychological contents, also after the identification of
lacking areas. However, scarce attention has been devoted to study how children develop concepts
and representations of natural disasters.
Nowadays, these issues are increasingly important, in light of both the prevalence of seismic
events and the higher exposure to them through all the mass media and social networks [2,3]. In other
words, it is currently more probable for a child to become a direct or indirect victim of an earthquake
than in the past.
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From a psychological perspective, natural hazards, including earthquakes, have a potentially
highly traumatic impact on individuals’ functioning [4–6]. Documented traumatic consequences
include impaired health (e.g., cardiovascular ailments, etc.), increased rates of psychopathology (e.g.,
posttraumatic stress disorder, distress, depression, etc.), and negative emotional impact (e.g., anxiety,
fear, anger, feelings of threat, etc.), both for primary victims experiencing the events directly and
for secondary victims indirectly affected through media exposure, e.g., [7–10]. This is notably true
for children and adolescents, whose vulnerability depends on their level of cognitive and emotional
development [11].
The aim of this study is to fill in a gap in the literature, investigating how children develop
the representation of earthquakes using two different tasks, a written definition task and an online
recognition task.
1.1. Children’s Abilities to Represent the World
Before formal schooling, children spontaneously develop naïve physics, biology, and psychology
theories on the world, enabling them to make differentiations between domains and also to draw
connections between them [12–16]. Naïve theories include elements on both the nature of the phenomena,
i.e., ontological elements, and their underlying causal mechanisms and interrelations [12–16].
With regard to the physical domain, the grasping of core beliefs about the nature of physical
objects and physical causes begins in infancy, and a deeper comprehension develops gradually later
on [14]. Such everyday understanding is central for the development of people’s interaction with any
middle-sized object present in the external world.
Concerning the biological domain, authors such as Carey [17] credit children with a naïve theory
of biology from seven or eight years. Previously, they would accumulate encyclopedic knowledge of
biological events, which would undergo a conceptual change only later on. However, other authors
have suggested that preschool children also possess a biological theory distinct from a psychological
theory [14,18,19]. This is indicated for example by their abilities to attribute the causes of phenomena
such as illnesses to the contact with contaminated substances rather than to psychological reasons [19].
Finally, children begin to develop a psychological theory, or theory of mind, from an early age,
interacting with the social environment [20,21]. Preschool children understand both ontological aspects
and related causal processes [21–23]. Ontological elements of the psychological theory relate to the
existence and nature of mental states which are different from the real world of physical objects, material
states, and mechanic or behavioral processes. Psychological causality regards the understanding
of the relation between internal states, such as affects or cognitions, and one’s own or others’ overt
behaviors [21].
Therefore, primary school students do possess all the basic abilities to represent the world,
included natural phenomena such as earthquakes. Nevertheless, possible wrong ideas included in
their spontaneous representation of the world should be detected before formal school instruction,
in order to optimize the outcomes of learning processes.
1.2. Knowledge of Children’s Representation of Earthquakes
As regards specifically natural disasters such as earthquakes, only a few studies investigated
children’s representation of them, focusing more on factual knowledge rather than psychological
knowledge [24–27].
For example, Ross and Shuell involved New Zealander kindergartners through to sixth-graders
with different experience of earthquakes, and found that a scientific conceptualization of them was
rare, even if they revealed a certain awareness of their causes and consequences [27]. Similar results
emerged with a sample of Turkish first- to sixth-graders [25]. However, more recent findings with New
Zealander nine- and ten-year-olds suggested that children are quite aware of the core characteristic of
earthquakes [24]. Raccanello and colleagues [26] revealed that second- and fifth-graders demonstrate
a more refined representation of earthquakes in case they had experienced them directly and at
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increasing ages, without gender differences [26]. Specifically, higher refinement was described in terms
of a more complex knowledge, a more frequent use of emotional language, and the presence of more
intense emotions relating to earthquakes.
Studying how people, and in particular children, perceive and represent natural disasters could
help to improve their risk awareness in order to promote an adequate preparedness [1], in particular
focusing on emotional prevention [28]. However, on the whole, scarce attention has been paid to
examining children’s representation of earthquakes.
1.3. Some Methodologies to Investigate Children’s Representation of Earthquakes
When investigated, children’s representation of earthquakes has been studied with exploratory
methodologies such as interviews or focus groups, frequently including open-ended questions [24–27].
King and Tarrant [24] involved nine- and ten-year-olds in focus groups. Laçin S¸ims¸ek [25] used
semi-structured interviews with open-ended questions with first- to sixth-graders. Raccanello and
colleagues [26] investigated primary school children’s representation of earthquakes by analyzing the
content of oral definitions elicited individually. Self-report tasks such these have the great advantage
of enabling direct access to people’s inner states, and notwithstanding possible bias effects such
as social desirability they are still among the privileged ways to explore people’s representation of
one phenomenon [29]. However, they are time consuming in terms of transcription and coding of
the materials. Moreover, individual interviews make it possible to gather detailed data on single
participants, but they cannot be used collectively, and on the contrary focus groups can be used
collectively but do not give the possibility to have data enabling to examine individual differences.
In addition, such tasks rely on production abilities that give the responders the possibility to use their
own lexicon without constriction, e.g., [30–33]. Indeed, a great advantage of open-ended questions
consists in the variety of nuances emerging from the answers, useful in exploratory studies and
impossible to observe when using closed questions. Nevertheless, they are quite demanding in terms
of cognitive resources, especially for children.
An alternative way of exploring children’s definitions of earthquakes is to use written tasks. Such
tasks can be administered collectively, saving time, a requisite which can be fully appreciated when
considering the need for involving a large number of people within prevention programs. Moreover,
they enable to investigate individual differences. It is worth noting that, particularly for primary school
children, performance in written tasks strictly depends on their emerging literacy abilities. Therefore,
it is interesting to explore whether earthquakes’ representation of children who have just acquired
basic writing abilities emerges as similar when studying oral versus written definitions. This issue has
been neglected within the literature as yet.
In addition, both oral and written definition tasks still rely on production abilities, which are
mastered later during development compared to recognition abilities. This is the case, for example,
with what happens for language at early ages [34]. Frequently, data gathered with oral or written
production tasks are operationalized in order to obtain a description of the phenomenon at issue in
terms of frequency tables corresponding to coding categories, which are usually treated as linear
measures [35–40]. Such a process risks to distort the results. Alternatively, a way to investigate
children’s representation of earthquakes could be through recognition tasks, in which for example
children have to evaluate how much a set of presented stimuli conveys the concept of earthquake.
Data gathered through these kinds of tasks can be analyzed through the Rasch model [41–43], which
makes it possible to go beyond the cited distortions, producing proper linear measures. In particular,
the Rasch model goes beyond the weak points of traditional approaches to measurement (i.e., the
classic test theory) by giving priority to objective measurement of latent dimensions which are based on
the principles of fundamental measurement [44]. In other words, the characteristics of the individuals
are measured independently of the characteristics of the stimuli (or items) and the stimuli calibrations
is independent from the characteristics of the individuals. Fundamental measurement is taken for
granted in the physical sciences, whereas in the social sciences the raw scores and the sum or means
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of these scores are typically considered as measures of a dimension independently of whether or
not they conform to the principles of fundamental measurement [45]. However, also within the
psychological field this approach can be used to investigate how people represent characteristics of the
world, quantifying them, e.g., [46–50]. In particular, a specific advantage of the Rasch model is the
“conjoint measurement” [35]: It is possible to estimate the values for persons and stimuli that can be
represented on the same interval-scale of latent units (logits). The logits of persons (i.e., person-location)
are independent from the administered stimuli (test-free condition) and the logits of stimuli (i.e.,
stimulus-location) are independent from the persons (sample-free condition). The accuracy of Rasch
scaling is quantifiable by means of precise fit statistics [51].
Finally, individuals’ representation of earthquakes could be studied taking advantage of what is
offered by information and communication technology (ICT). Nowadays, the use of technologies for
assessing how individuals perceive, elaborate, and react in everyday life, also in relation to learning,
is increasing [10,52–55]. Given the growth in technological developments, psychological constructs
can therefore be assessed and also promoted through many different devices (personal computers,
laptops, tablets, mobile phones, etc.). Such use has many advantages. One advantage is the assessment
mode, i.e., the self-administration in absence of a data collector [56]. Another is the fact that the
individuals may tend to give more socially desirable responses in interviewers’ administration than in
self-administration [57]. Moreover, with ICT instruments there is the possibility, differently from what
happens in laboratory studies, to assess the construct of interest within the individual’s environment,
increasing ecological validity [58]. A further advantage in using technological devices such as personal
computers, tablets, or mobile phones to collect data in psychological research studies seems to be
connected with higher and easier participation [59]. Even if the use of ICT within the psychological
field is becoming more and more frequent, the current state of knowledge about the dynamics of taking
surveys or teaching through learning software or applications is not as advanced as necessary, and more
scientific literature is needed to evaluate some methodological aspects. Specifically, scarce attention
has been paid to examining, for example, the appropriateness of materials and procedures for users’
characteristics such as age, developing applications (as an exception, see the Emotional Prevention and
Earthquakes in primary school project, PrEmT project, in Italian Prevenzione Emotiva e Terremoti
nella scuola primaria, in which a web application on earthquake-related emotions for children is
developed) [28]; the use of reliable research design to investigate the efficacy of interventions using
ICT (i.e., evidence-based interventions) [28,60,61]; or the perception on usability of people involved in
online psychological surveys, with children, e.g., [62] or adults, e.g., [28]. Therefore, further research on
such issues is needed, in order to develop online instruments which can accurately detect individuals’
characteristics and representation of the world, and subsequent programs aiming to enhance them.
1.4. Aims and Objectives of the Present Study
The general aim was to investigate children’s representation of earthquakes, generalizing previous
findings using different tasks [26]. Previous work indicated that when second and fifth-graders were
requested to define earthquakes orally [26], they demonstrated a more complex representation in cases
where they had experienced earthquakes directly and at increasing ages, without gender differences.
Specifically, the salience of content categories pertaining to the material domain, such as natural
and man-made elements, was higher compared to the salience of content categories relating to the
person-related domain, such as behavioral, biological, or affective elements. Children with direct
experience of earthquakes also referred more frequently to natural compared to man-made elements.
In addition, at increasing ages, children reported definitions with more differentiated content types.
Beyond its theoretical relevance, knowledge of how different instruments enable to gather
children’s representation of earthquakes, with their strength, differences, and limitations, is relevant at
an applied level. For example, this is a key element when choosing the more suitable instruments to
increase awareness on children’s representation as a preliminary step for intervention programs, both
in terms of prevention and support subsequent to natural disasters.
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For the written definition task, we had two objectives.
(1a) The first objective was to examine the salience of different domains in children’s representation
of earthquakes. On the basis of previous findings [26], we expected salience to be higher for natural
elements compared to man-made elements, and for man-made elements compared to human elements.
(1b) The second objective was to examine whether the salience of the different domains varied
according to age and gender. Concerning age, we hypothesized children to refer more frequently to
the different domains at increasing ages [26]. Given the absence of gender differences in the literature,
we did not formulate any specific hypothesis for gender.
Also, for the online recognition task, we had two objectives.
(2a) The first objective was to develop some images representing earthquakes and to quantify how
much each of them conveyed the concept of earthquake [47,48]. In particular, we aimed at identifying
the characteristics of the most representative images in terms of domains. Scales including such images
as stimuli could be used as measurement instruments to assess how an earthquake is perceived.
(2b) The second objective was to examine how much children are able to perceive an earthquake
on the basis of given stimuli. Specifically, we investigated age and gender differences. We expected
children to be better able to identify earthquake-related stimuli as representing an earthquake at
increasing ages, in parallel with better abilities to define earthquakes [26]. As for the written definition
task, we did not have any specific hypothesis for gender.
2. Materials and Methods
2.1. Participants
We involved a convenience sample of 128 Italian primary school children. Sixty-three children
were attending the second grade (mean age: 7.53 years, SD = 0.34; 43% females) while 65 were attending
the fourth grade (mean age: 9.63 years, SD = 0.25; 54% females). For each grade level, the students
were divided into four classes. The participants came from a variety of socio-economic status levels.
We collected the data during February 2019 in Northeastern Italy.
Most of the children had never experienced earthquakes directly (n = 91; 71%) and only a small
percentage of children had experienced them (n = 30; 23%). For seven children (6%) this information was
missing. Among children who experienced earthquakes at least once, 19 children (64%) experienced
one earthquake; 10 children (33%) experienced earthquakes twice; and one child (3%) experienced
earthquakes three times. None of the children who had experienced earthquakes at least once reported
any damage.
2.2. Procedure
The study was carried out following American Psychology Association (APA) ethical guidelines,
and it was approved by the Local Ethical Committee of the Department of Human Science, University of
Verona (protocol n. 134535) as part of a larger project, the PrEmT project [28]. The PrEmT project has the
objective to test an intervention to promote children’s knowledge of earthquakes and earthquake-related
emotions, through an evidence-based design. The sample included in this study was involved in the
pre-intervention phase of the pilot phase of the PrEmT project. Therefore, the students had not been
involved previously in activities related to this project. In addition, we had verified with the teachers
that they had not studied specific knowledge of earthquakes within their school lessons.
We obtained the authorization for the participation of children first from the school head, and
then we obtained the informed written consents from parents.
We administered two tasks in class during regular school hours, in two sessions maximum one
week apart one from the other. The school teachers were present, but they did not intervene. For both
tasks, we read all the instructions aloud, in order to help children’s understanding and to diminish the
weight of the requested cognitive resources. We told them that there were no right and wrong answers,
and that it was important that each child respond sincerely. In a first session, we presented the first
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task, i.e., a written definition task. We gave to the students a printed questionnaire in which they had to
define earthquakes. We allowed them all the time that they needed to complete the task; on the whole,
they used a maximum of five minutes. The questionnaire also included other tasks not analyzed here.
In a second session, we administered the second task, which was an online recognition task. We gave
to each student a tablet with a wireless Internet connection. The completion of the second task took
about 15 min. At the end, we thanked all the children for their participation, underlining that their
answers could be useful to help children to cope with traumatic events such as earthquakes.
Before beginning the data collection, we had administered the tasks to two children of the same
age range of our sample, to check their feasibility.
Concerning parents, when completing the informed consent form, they also completed
a questionnaire on sociodemographic data and children’s experience of earthquakes.
2.3. Materials and Coding
2.3.1. Written Definition Task
In the written definition task, we asked children to write what an earthquake is (e.g., What is
an earthquake? Write all the things that come to mind to explain to a child what an earthquake is; in Italian:
Che cos’è un terremoto? Scrivi tutto quello che ti viene in mente per spiegare a un/a bambino/a che cos’è un
terremoto). We adapted the task from previous studies, e.g., [26,31].
We transcribed verbatim all the definitions and coded them for their complexity, in terms of
content type, adapting previous coding schemes [26,30,31,63]. We coded the absence/presence (0/1) of
contents regarding material (natural and man-made) and person-related domain, e.g., [26]. Contents
were defined as phenomena in terms of entities but also related processes. As in previous research [26],
the coding scheme was developed deductively integrating categories from the literature [24–27] and
inductively on the bases of the contents within children’s definitions [64]. Natural elements pertained
to earthquakes’ geological characteristics (e.g., When the earth moves; It is a huge fissure; An earthquake is
a shake which provokes landslides and fissures in the terrain; in Italian: Quando la terra si muove; è una crepa
gigante; Un terremoto è una scossa che provoca frane e crepe nel terreno). Man-made elements related to
all things that were built by people (e.g., It makes all the things at home swing; The earthquake is a thing
that shakes the houses and destroys the houses; The earthquake is a thing that makes things move; in Italian:
Fa dondolare tutte le cose a casa; Il terremoto è una cosa che fa tremare le case e distrugge le case; Il terremoto è una
cosa che fa muovere le cose). Person-related elements included all aspects pertaining to three categories,
namely people’s behaviors, and excluded those related to building things (behavioral aspects; e.g.,
To protect you from an earthquake you have to go under the table; When it comes, you have to get under something;
Children go out and they write their names [ . . . ] so the teacher is sure that all the children are there and there
aren’t children who have fallen behind; in Italian: Per salvarsi dal terremoto andare sotto il tavolo; Quando viene
devi andare sotto qualcosa; I bambini vanno fuori e scrivono i loro nomi [ . . . ] così la maestra è sicura che i
bambini siano completi e non ci sono bambini che sono rimasti indietro); people’s body, in terms of biological
domain, and including reference to deaths and injuries (biological aspects; e.g., The earthquake can cause
many injuries but also many dead people; Pieces of wall can fall on your head; Something that [ . . . ] kills people
and animals; in Italian: Il terremoto può causare molti feriti ma anche molti morti; Ti possono cadere dei pezzi
di muro in testa; Una roba che [ . . . ] uccide persone e animali); and affect, referring to emotions, mood,
feelings, and also mental health symptoms (affective aspects; e.g., It is not a good thing; An earthquake
frightens everyone; It causes much panic to people, but you have to stay calm because the panic provokes fear and
distress and other things; in Italian: Non è una roba bella; Un terremoto fa venire paura a tutti; Fa molto panico
alle persone ma bisogna stare calmi perché il panico provoca paura e disagio e altre cose).
A first judge coded all the definitions, while a second judge coded 30% of them for reliability. The
mean percentage agreement was 95% for natural domain, 98% for man-made domain, and 100% for
person-related domain. Disagreements were solved through discussion between judges.
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2.3.2. Online Recognition Task
In the online recognition task, we asked the children to evaluate how much different graphic stimuli
are representative of an earthquake. The task had previously been used with adult participants [65].
For completing the task, each child used a tablet in which we had set the link to an online survey,
functioning through a common Internet browser. The survey was developed and administered using
the Cognitive Metrix Survey Software, CMSS [54,66], a customization of the LimeSurvey open-source
project [67].
The graphic stimuli were drawings developed ad-hoc to refer to the different elements of
earthquakes that had resulted in be salient in children’s representation [26]. We had an illustrator
create a total set of 16 drawings (Table 1). All the drawings for the online recognition task had to
include at least one element directly pertaining to the earthquake, and we chose to represent elements
indicating shaking of the environment (see the red signs in Table 1). The environment was formed
only by natural elements for half of them (i.e., flat ground with a fissure; a mountain with a fissure
and rocks falling) and also by man-made elements for the other half (i.e., a house with a fissure and
tiles falling; a bridge with a fissure). Each set of images could vary for the different presence of
person-related elements, given that we were interested in studying experimentally how the different
presence of person-related elements could differently influence children’s representation, isolating the
effect of the different characteristics of human beings. We therefore set four experimental conditions
for person-related elements. Again, we chose categories of person-related elements spontaneously
reported by children defining earthquakes [26]. Person-related elements could be absent, they could
refer to a behavioral reaction (i.e., a stylized person who is escaping), to biological damage (i.e.,
a stylized person with bandages), or to an emotional reaction (i.e., a scared face). It is worth noting
that previous research confirmed that for both children and adults fear is the most salient emotion
associated with earthquakes [26,68]. We did not include combinations of the three person-related
elements (e.g., biological damage and emotional reaction in the same drawing) because the number of
stimuli would have been too high, in relation to children’s attention abilities.
Table 1. Graphic stimuli developed for the study, varying for natural vs. man-made elements, and for
person-related elements (absent, behavioral, biological, affective).
Person-Related Elements Absent Behavioral Biological Affective
Natural elements
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The respondents were presented with the 16 drawings, and for each one we asked them to 
evaluate the degree to which it was representative of an earthquake (e.g., How much does this drawing 
make you think of an earthquake?; in Italian: Quanto questa figura ti fa pensare a un terremoto?) on a 5-point 
Likert type scale (1 = not at all, 5 = very much). We randomized the order of presentation of the images. 
We read aloud all the questions in order to favor children’s understanding of the task. 
2.3.3. Sociodemographic Data and Experience of Earthquakes 
In a written questionnaire for parents, we asked children’s date of birth, gender, and family 
socioeconomic status (in terms of information on parents’ instruction and job).  
We also investigated children’s experience of earthquakes, asking to the parents: (a) whether 
their children had ever experienced an earthquake (0 = no, 1 = yes); (b) in cases where it had happened, 
how many times it had happened; (c) in cases where it had happened, what kind of damage they had 
experienced (1 = no damage; 2 = damage to properties; 3 = psychological damage to relatives; 4 = physical 
damage to relatives; 5 = death of relatives; 6 = psychological damage to oneself; 7 = physical damage to oneself).  
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damage to relatives; 5 = death of relatives; 6 = psychological damage to oneself; 7 = physical damage to one elf).  
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The respondents ere presented ith the 16 dra ings, and for each one e asked the  to 
evaluate the degree to hich it as representative of an earthquake (e.g., o  uch does this dra ing 
ake you think of an earthquake?; in Italian: uanto questa figura ti fa pensare a un terre oto?) on a 5-point 
Likert type scale (1 = not at a l, 5 = very uch). e rando ized the order of presentation of the i ages. 
e read aloud a l the questions in order to favor children’s understanding of the task. 
2.3.3. Sociode ographic ata and Experience of Earthquakes 
In a ri ten questionnaire for parents, e asked children’s date of birth, gender, and fa ily 
socioecono ic status (in ter s of infor ation on parents’ instruction and job).  
e also investigated children’s experience of earthquakes, asking to the parents: (a) hether 
their children had ever experienced an earthquake (0 = no, 1 = yes); (b) in cases here it had happened, 
ho  any ti es it had happened; (c) in cases here it had happened, hat kind of da age they had 
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The respondents were presented with the 16 drawings, and for each one we asked them to evaluate
the degree to which it was representative of an earthquake (e.g., How much does this drawing make
you think of an earthquake?; in Italian: Quanto questa figura ti fa pensare a un terremoto?) on a 5-point
Likert type scale (1 = not at all, 5 = very much). We randomized the order of presentation of the images.
We read aloud all the questions in order to favor children’s understanding of the task.
2.3. . Sociodemographic Dat nd Experience of Earthquakes
In a written question aire for parents, we asked children’s date of birth, gender, and family
socioecon ic status (in terms of information on parents’ instruction and job).
W also inv stigated childr n’s xp rienc of arthquakes, sking to the par nts: (a) whether their
child en had v r exp ri nced a arthquak (0 = no, 1 = yes); (b) in case wher it had hap ened,
how many tim s it had h p en d; (c) in cases wher it had hap en d, what kind of damage they had
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experienced (1 = no damage; 2 = damage to properties; 3 = psychological damage to relatives; 4 = physical
damage to relatives; 5 = death of relatives; 6 = psychological damage to oneself ; 7 = physical damage to oneself ).
2.4. Data Analysis
First, we applied Generalized Linear Mixed Models (GLMM), as implemented in the glmer
functions in the lme4 package [69] within the R-software (Version 3.6.0, R Core Team, Wien, Austria) [70],
to explore the salience of different content types, and the influence of class level (second, fourth-graders)
and gender (males, females) on responses (objectives 1a, 1b, and 2b). We performed Mixed Model
ANOVA Tables (Type 3 tests) via likelihood ratio tests implemented in the afex package of the
R-software [71–74]; for applications see, for example, [32,75–81]. For the various analyses, class level
and gender were the between-subject factors; content types were the within-subject factors. For binary
dependent variables, the GLMM used the binomial family and logit link-function; in the case of
count dependent variables, the GLMM used the Poisson family and logarithmic link-function (log
link-function). For binary dependent variables, descriptive statistics reported in the text refer to
logit-scale, which is a scale in which the unit of measurement is based on the log of the probability of
occurrence of an event divided by the probability of non-occurrence of the same event. For example,
when both probabilities are 50%, the logit value is equal to zero; when the probability of occurrence is
higher than the probability of non-occurrence, the logit value is positive; and when the probability of
occurrence is lower than the probability of non-occurrence, the logit value is negative. We conducted
post hoc tests on the significant results using the Bonferroni correction implemented in the emmeans
package [82]; this adjustment method makes it possible to deal with Type I errors by multiplying the
p-values by the number of comparisons. We also reported the estimates (EST) as a measure of effect
size [83]. The estimates corresponded to log odds ratios for binary dependent variables, and to log rate
ratios for count dependent variables [82]. Given that estimates are log values, for positive estimates,
the effect size is small when 0.00 < EST ≤ 0.50, medium when 0.50 < EST ≤ 1.00, and large when EST >
1.00; for negative estimates, effect size is small when 0.00 > EST ≥ −0.50, medium when −0.50 > EST ≥
−1.00, and large when EST < −1.00 [84]. The level of significance was p < 0.05.
Second, we applied the Rasch model [35,41–43] to quantify how much each drawing conveyed
the concept of earthquake (objective 2a). The Rasch analysis was carried out using the RUMM2030
software (Version 5.1, RUMM Laboratory, Perth, Australia) [85,86]. First, we checked the Rasch model
assumptions: monotonicity [87,88]; local independence [87,89]; unidimensionality [87,88,90]; absence
of differential item (i.e., stimulus for our case) functioning (DIF) or stimulus bias [87,88,91,92]. Then,
we considered the reliability in terms of the Person Separation Index (PSI) and the Cronbach’s
alpha [88,93–95]. Both indexes make it possible to examine the consistency of the responses.
Nevertheless, the two indexes differ for different aspects: (a) the Cronbach’s alpha can be calculated
with complete data only, while the PSI can also be calculated when there are random missing data;
(b) the Cronbach’s alpha is calculated on the raw scores, while the PSI is based on the estimated
locations of the persons, which are non-linear transformation of the raw scores. We also checked the
model fit. Finally, targeting—which indicates how well the measurement range of the scale matches
the distribution of the calibrating sample [88,93,96]—is expressed here as floor and ceiling effects and
targeting index [96].
There were no missing answers.
3. Results
3.1. Written Definition Task (Objectives 1a and 1b)
Definitions’ Content Types: Salience, Age, and Gender Differences
First, we carried out a preliminary analysis to compare the three person-related content types. We
included person-related elements (behavioral, biological, and affective elements) as the fixed effect;
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participants as the random effect; and person-related elements scores as binary dependent variables.
No significant effects emerged.
Second, we ran a GLMM with content type (natural, man-made, and person-related), class level,
and gender as fixed effects; participants as the random effect; and content type scores as binary
dependent variables. We found a significant effect of content type, χ2(2) = 58.15, p < 0.001. Post hoc
tests indicated that the scores were significantly higher, z = 5.34, p < 0.001, EST = 1.82, for natural
elements (M = 0.78, SD = 0.26, 95% CI: 0.73 to 0.82) compared to man-made elements (M = 0.37, SD =
0.29, 95% CI: 0.32 to 0.42), and in turn significantly higher, z = 4.38, p < 0.001, EST = 1.54, for man-made
elements compared to person-related elements (M = 0.11, SD = 0.20, 95% CI: 0.08 to 0.15). No class
level or gender differences emerged. See Figure 1 for response rates relating to content types (natural,
man-made, and person-related) expressed in logit-scale.
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3.2. Online Recognition Task (Objectives 2a and 2b)
3.2.1. Rasch Model: Scaling of Drawings
Concerning the Rasch model assumptions, the monotonicity request was satisfied, i.e., the
responses for all the stimuli were used consistently (the difficulty thresholds were ordered) [97].
There was no local dependence: For all the stimuli, the residual correlations were lower than 0.2 [89].
The unidimensionality was confirmed by a post hoc paired t-test on separate estimates for each
respondent (derived from subsets of stimuli identified by a Principal Component Analysis of the
residuals): The percentage of signific nt tests was l ss th n 5% of all the tests [90]. Lastly, no DIF was
found [91], tested by a two-way alysi of variance for each stimulus, comparing scores across each
level of person factor (gender and class level).
With regard to the model fit for the individual stimulus and the person level, each residual was in
the range between −/+ 2.5. The summary fit residual statistics were expected to approach a mean of
zero and a standard deviation of 1 [91]. Precisely, the summary residual statistics calculated values for
stimuli were 0.185 (mean) and 0.713 (standard deviation). For persons, they were −0.264 (mean) and
1.587 (standard deviation).
The analysis of r liability for the total sample showed a PSI value equal to 0.895 (above 0.85 as
the minimum requiremen for individual person measurement) [98] and a Cronbach’s alpha of 0.918,
suggesting consiste cy in the children’s r spons s.
The targeting of the scale to the sample shows graphically how well individual stimulus difficulties
and individual person abilities can be matched on common scale [41]. The average person ability and
standard deviation indicate how well the scale is targeted to the sample [88,92]. Analysis of targeting
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also entails the assessment of floor and ceiling effects. Figure 2 shows that the overall targeting was
very good. The difference between average person ability and average stimulus difficulty was equal to
0.726, namely the persons were a little more skilled than stimulus difficulty.Geosciences 2019, 9, x FOR PEER REVIEW 10 of 18 
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It is worth noting that the drawing perceived as the most representative of an earthquake
was the one depicting a fissure in the plain terrain, in which we had added the scared face.
This finding confirmed the salience of natural versus built elements in children’s representation
of earthquakes. In addition, it suggests that children differentiate secondary effects of earthquakes,
i.e., landslides, from primary effects, and consider the first more peripheral in their representation of
earthquakes. Finally, we underline that fear is the person-related element which mostly characterizes
children’s representation.
3.2.2. Drawings: Age and Gender Differences
Finally, we conducted a GLMM with class level (second- and fourth-graders) and gender as the
fixed effects; participants as the random effect; and the person-locations as calculated through the
Rasch model for each participant as the count dependent variable. The analysis yielded a significant
effect of class level, F(1) = 5.37, p = 0.022. Scores were higher for fourth (M = 64.055, SD = 16.142,
95% CI [60.547, 67.562]) compared to second-graders (M = 58.266, SD = 11.691, 95% CI [54.787, 61.745]).
No gender differences emerged.
4. Discussion and Conclusions
Acknowledging the relevance of prevention programs for fostering preparedness to natural
disasters [1], we investigated children’s representation of earthquakes with different tasks.
The literature on children’s psychological development demonstrated that children already possess
quite a large “toolbox” for understanding the nature of the physical, biological, and psychological
phenomena and their interrelations [12–16]. Such knowledge can be considered as a prerequisite in order
to acquire and refine knowledge of earthquakes. Supporting and extending previous studies [24–27],
our findings indicated that on the whole knowledge and representation of earthquakes involve both
natural and geological characteristics, as well as people-related characteristics. Such categories include
all the elements pertaining to the things that are built by humans, but also all those elements relating
to their functioning, in terms of behavioral, biological, and affective domain.
From the analyses of the definitions, it emerged that, in children’s representation of earthquakes,
natural elements such as geological ones are the most salient, followed by man-made elements, and in
turn by person-related elements, extending and generalizing previous findings with oral definition
tasks [26]. Therefore, Italian primary school children possess a basic knowledge of earthquakes,
differentiating elements pertaining to different domains, and giving particular relevance to the core
geological issues characterizing earthquakes. At the same time, they have an initial awareness of the
different elements to which damage can be associated, reporting more frequently macroscopic and
external consequences for the structures which are built by the individuals, but without neglecting the
consequences for humans. Specifically, behaviors such as escaping, biological consequences such as
being hurt, or affective reactions assume all a similar relevance.
Data from the recognition task supported these findings. First, we examined how much each
drawing conveyed the idea of earthquake. To achieve this goal, we analyzed the scores given to the
different exemplars of our set of drawings, which included natural or built elements combined with
the four experimental conditions relating to person-related elements, that could be absent, behavioral,
biological, or affective. Quantifying, through scientific approaches which respect the properties of
the fundamental measurement (i.e., the Rasch model) [42,44,45,51], how much the different stimuli
conveyed the concept of earthquake could be a first step for the development of specific scales
for assessing people’s perception of natural disasters such as earthquakes. Second, we found that
the drawing that conveyed most the idea of earthquake was the one that included natural but not
built elements. Among the two possible images, the most representative was specifically the one
representing the fissure in the ground, and not the landslide, suggesting children’s ability to identify
the core characteristic of earthquakes as distinguished by their secondary effects. In addition, we
highlight that the most representative image also included emotional elements, indicating that children
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already grasp the somehow overwhelming emotional burden associated with disasters. This element
could be interpreted as a sign of the relevance of planning prevention programs focused on emotional
prevention specifically devoted to developing children’s understanding of earthquake-related emotions
and regulation strategies, an issue currently still neglected [28]. For an exception, see the PrEmT
project [28]. It is worth noting that providing pre-drawn representations and using ICT allows for
a larger sample and the use of a range of statistical tools, but it does not make it possible to give value
to the rich abilities already possessed by primary school children to represent the world. We could
state that this particular activity investigated how well children connected with adult representations
rather than only revealing how they represented the events themselves.
As regards age differences in children’s representation of earthquakes, the analyses reported in
our study only partially revealed them. Concerning written definitions, our results did not reveal age
differences, differently from Raccanello and colleagues’ study [26], who found that, in oral definitions
of earthquakes, older children reported more information compared to younger children. It could
be that the distance in terms of competence (i.e., for producing written definitions) between the
younger and the older children is presumably higher for oral tasks than for written tasks. However,
in Raccanello and colleagues’ study [26], second-graders were compared to fifth-graders, and so the
different age range for our sample (i.e., two years instead of three years) could have been related to the
absence of this effect. Nevertheless, examining the means for the sample of second and fourth-graders
included in our study, we can note that the difference among them is in the expected direction, with
older students reporting a higher variety of contents (even if the difference between them was not
statistically significant). Moreover, it is interesting to note that the recognition task was somehow
more sensitive to age differences compared to the production task, given that through such task we
detected age differences in the expected direction. At increasing ages, children were better able to
interpret a given stimulus as conveying the concept of earthquake. In other words, older children
demonstrated a more refined ability to identify images relating to earthquakes (all of them included
a fissure and shaking of the ground) as conveying the intended meaning. Empirical evidence relating
to the development of this ability at increasing ages can result very useful. For example, knowledge of
which elements of earthquakes’ representation are salient at different ages can be considered in order
to develop instruments to be used as alert signals for emergency situations.
From an applied perspective, it is very important to develop instruments for identifying the naïve
ideas of children on the entities and functioning of the physical, biological, and psychological world for
maximizing the possibility of success of interventions focused on them. In school contexts, it is central
to detect possible wrong ideas included in children’s naïve theories as soon as possible, in order to
discard them and increase the possibility that formal instruction is associated with learning outcomes
which last over time [99]. To guarantee the efficacy of science education, it is highly relevant that
students acknowledge their intuitive ideas, that teachers give them scientific facts and explanations in
accordance with their level of cognitive development taking into account their naïve understandings,
and that this process unfolds along with the promotion of critical thinking and reasoning abilities [99].
Similarly, within prevention programs aiming at increasing children’s knowledge of earthquakes,
possible wrong ideas included in their spontaneous representations of earthquakes should be detected
early, in order to increase the success of such programs in ameliorating children’s learning both
at short-term and at long-term. Therefore, identifying instruments helping to describe accurately
children’s representation is a key step for the development of prevention programs aiming to enhance
preparedness to disasters.
Schools play a central role also in the aftermath of natural disasters such as earthquakes, as revealed
in studies conducted in a country that has experienced multiple earthquakes in more recent years, New
Zealand [100]. For example, Bateman and Dandy [101] described a case study with four preschoolers
who talked with their teachers about their experiences of the 2011 Christchurch earthquake; they
analyzed turn-taking utterances and revealed that such practice can help to recover from the emotional
stress associated with earthquakes and prevent from further stress. Mutch and Gawith [102] described
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three different ways through which schools helped children to come to terms with their experiences of
several earthquakes (always in Christchurch) within a UNESCO-funded project: In one school children,
parents, and teachers wrote an illustrated book together; in a second school they created a mosaic story
on antecedents, core, and aftermath of the earthquakes; and in a third school they conducted interviews
about the earthquakes. Lessons learnt from how children narrate and reconstruct the meaning of
what they experienced, developing shared memories within a community, can give useful suggestions
also from a prevention perspective. Based on the findings of these studies [100–102], we could argue
that story-telling, both individual and collective, can be a useful methodology to help children and
significant adults to build the meaning of experiences, also before a disaster happens. Such a tool
enables both to build factual appropriate knowledge, and to help to reflect on the emotional nuances
of how natural disasters can impact children’s life, in an attempt to give them the resources to “gain
perspective and distance” within their coping processes (p. 54) [102].
When reflecting on the methodological gain of our findings, we could argue that both production
and recognition tasks, operationalized though oral, written, or online instruments (see Raccanello and
colleagues [26] for oral production tasks, i.e., definition task; see this paper for written production
tasks, i.e., definition task, and online recognition tasks) are reliable methodologies enabling to gather
knowledge of children’s representations on earthquakes. We already anticipated that, generally,
production and recognition tasks differ in terms of the cognitive resources requested to master them.
In addition, production tasks including open-ended questions and recognition tasks in terms of
closed-ended questions differently enable to shed light on the different nuances with which the
individuals perceive, elaborate, and represent reality, more differentiated and richer for the first
compared to the latter, e.g., [30–33]. However, data gathered through tasks such as the online
recognition task that we used have the possibility to be treated with analyses models, i.e., the Rasch
models [35–40], which go beyond the typical limitations of the traditional measurement approaches,
with advantages in terms of the quality of the assessed representation. Finally, the three methodologies
have different constraints in terms of managing time and number of people which can be involved
simultaneously. Oral production tasks are the most time-consuming, followed by written production
tasks, and finally by online recognition tasks. To study individual differences, oral tasks should be
administered individually, while written and online tasks can be administered also collectively.
Beyond these general strengths and limitations, the different tasks can be examined specifically
focusing on how they helped to detect and describe children’s representation of earthquakes. On the
one hand, the salience of the different domains was basically confirmed across the three tasks. Our
analyses of the contents of oral definitions supported previous findings with oral definition tasks [26]
and extended them. Therefore, the three different tasks can be considered reliable in reaching their
basic goals. On the other hand, age differences were not so well detected by a task requiring the use of
writing abilities, compared to the recognition task. Particularly the latter, beyond requiring a lower
amount of cognitive resources, could also take advantage of many of the benefits of using ICT [28,58],
included the higher attractiveness particularly motivating for children.
On the whole, our findings suggest that when planning the specific methodology to be used in
a prevention program, but also in a support intervention with children, scientists and practitioners
should be particularly cautious in their choices, reflecting on and balancing both benefits and
disadvantages in utilizing different instruments.
Our study suffers from limitations related to the nature of the instruments used, as already
described. Moreover, there are also other useful methodologies to examine children’s representation of
earthquakes, such as analyzing drawings, that we did not use. Such instruments could be utilized in
future research. There are specific limitations relating to the tasks that we developed. For example,
for the online recognition task we did not consider all the possible combinations between the elements
at issue, e.g., representing biological and affective damage in the same drawing. Future studies could
examine more deeply the salience of many combinations of elements pertaining to different domains
for children’s representation of earthquakes. In addition, it is worth noting that we involved only
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a small sample of primary school students, and only in relation to earthquakes. Future research could
verify whether our findings extend to younger children, but also to adolescents, adults, and elderly
people, in order to examine more thoroughly how the representation of earthquakes changes with
development. In addition, children in our sample rarely experienced directly earthquakes, and when
they had experienced them, they luckily had not suffered from personal damage. Further studies could
take into account more deeply the role of personal exposure, comparing samples who for example
experienced directly, indirectly, or did not experience at all earthquakes. Finally, it would be highly
relevant to extend the study of individuals’ representations of phenomena such as earthquakes to
a larger range of disasters, examining both natural and technological disasters, as a step to support
awareness on citizens’ resources for developing disaster-resilient societies.
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